Introduction
============

The dental pulp generally receives quite strong stimulations from occlusal pressure, food debris impaction, caries induction and tooth fracture and the cells as well as the tissue gives reaction. And also it is well known that the tooth receives considerable stimulation during treatment such as cavity preparation. For example increase of Runx2 expression \[[@B1]\] during cavity preparation and enhancement of ALP expression during heat stimulation of culture cells \[[@B2]\] have been reported. In conservative dentistry clinics, teeth separation is sometimes applied for restoration of contact points during composite resin repair for caries. In this application, it can be easily imagined that severe mechanical stress is applied to the periodontal tissues in the tooth root. Similarly it has also been shown alteration of expression of hard tissue related molecules and regulatory factors etc. such as BMP and Runx2 in periodontal tissues exposed to mechanical stress during orthodontic treatment \[[@B3]-[@B9]\]. The pulp vessels and nerves pass through apical foramen and also side branches exist around the periodontal tissue. Mechanical stress is considered to be transmitted to the pulp cells where it meets with periodontal tissues. In a preliminary study, we focused on hard tissue related factors in the pulp and obtained highly interesting results \[[@B10]\]. In the current study, we examined alterations of ALP as well as Runx2 expressions in the pulp tissue exposed to mechanical stress after wedge insertion by histopathology and immunohistochemistry.

Materials and methods
=====================

1) Experimental Animals
-----------------------

Thirty-six 8-week-old ddY male mice with a weight of 35 ± 5 g (30\~40 g) were obtained from Japan SLG Go. Ltd. (Hamamatsu, Japan). The animals were raised in an environment of 24 ± 1°C in a plastic cage covered with bedding (Paper clean: PEPARLET CO., LTD., Shizuoka, Japan). The animals freely accessed the water and solid food (Picolab Rodent Diet 20: Japan SLC Inc., Hamamatsu, Japan).

2) Experiment Methods
---------------------

Anesthesia of the animals were done with gas inhalation (4% in preanesthesia) of a mixture of isoflurane (Isoflu: Dainippon Sumitomo Pharma Co., Osaka, Japan) and air. A system specific for small animal experiments (Farmer Biometrical Ltd., Laboratory, Osaka, Japan) were used. The mouse was fixed from upper side using a string and from lower side using rubber and its mouth was kept open on the hand made experiment table. The isoflurane inhalation anesthesia and its maintenance were performed through mouse nose. Under the mouse open mouth condition, a wedge (Anatomical WIZARD WEDGES: Water Pik, Inc. Ft. Collins, Colorad, U.S.A) was inserted between the upper right first (M1) and second (M2) molars from palatine side to provide teeth separation (Figure [1](#F1){ref-type="fig"}). Mouse has 3 molars in the upper chin and each of the first and second molars has 3 roots. The third molar can have 2 or 3 roots. The experiment groups were divided into groups with 30 minutes and 3 hours of teeth separation time. After each time, the wedge was removed. the samples were collected at the times of 0, 3, 9, 24 hours, 3 days and 1 week after wedge removal. Thus depending on the time periods, the experiment animals were divided into 6 groups and a total 13 groups were prepared including the controls. The sample numbers in each group are shown in table [1](#T1){ref-type="table"}. The sample collection was done by removing the upper molar tooth part including the periodontal tissues as a whole under the same anesthesia conditions mentioned above. As controls, the opposite side molars (left upper molars) was used with the same method. For observation part, distal buccal root of the upper first molar was used, which is considered to receive highest mechanical stress. The current experiment was performed under the guidelines for use of experimental animals with permission of animal ethical committee of Matsumoto Dental University.

![**Diagram of wedge insertion part (arrowhead = wedge)**.](2047-783X-16-11-507-1){#F1}

###### 

Experimental Periods and Number of Specimens

                          0 min   3 hrs   9 hrs   24 hrs   3 days   1 week   Total
  -------------- -------- ------- ------- ------- -------- -------- -------- -------
  Experimental   30 min   3       3       3       3        3        3        18
                 3 hrs    3       3       3       3        3        3        18
  Control                                                                    6

3) Histopathological and ImmunohIstochemical Examination
--------------------------------------------------------

For fixation, the samples were soaked in 4% paraformaldehyde 0.05 M phosphate buffer solution at 4°C for 24 hours. The samples were then decalcified in 10% EDTA for 3 weeks, followed by paraffin embedding Then the 4 μm continuous horizontal sections were prepared for histopathological and immunohistochemical staining. For immunohistochemical staining, the samples were deparaffinized with xylene after incubation at 60°C for 3 hours. For immunohistochemical evaluation, Dako Envision + Kit (K4006-Dako, Glostrup, Denmark) was used. As first antibodies, Rabbit polyclonal Runx2 antibody (Runx2 \[M-70\]: SC-10758, 1:5000, Santa Curuz Biotechnology, Inc, CA, USA) and Mouse monoclonal ALP antibody (ALP \[B4-78\]: MAB1448, 1:5000, R&D Systems, Inc, MN, USA) were used. Counter staining was done with hematoxylen. The controls were also examined with the same protocol except that PBS was used as a first antibody.

Results
=======

1) Histopathological Examination
--------------------------------

### Control Group

At transverse section of distal buccal side of the upper left first molar root, overlapped odontoblasts attach to dentin and at the center, pulp cells and capillaries between the cells were observed. Also relatively large congested vessels were observed.

### Experiment Group

Odontoblasts were similarly arranged as piling on the dentine and congested capillaries between pulp cells at the center were seen.

2) Immunohistochemical Staining
-------------------------------

### Runx2

#### Control Group

Weak expression of Runx2 was observed in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells of the distal buccal side of the upper left first molar (Figures [2a, b](#F2){ref-type="fig"}).

![**Runx2 expression in the control group**. Odontoblasts (a) and pulp cells (b) (magnification × 300). ALP expression in the control group. Odontoblasts (c) and pulp cells (d) (magnification × 300).](2047-783X-16-11-507-2){#F2}

### Experiment Group

#### Group with 30 minutes of teeth separation

Just after removal of wedge, weak expression of Runx2 was observed in cytoplasm of some of the odontoblasts, endothelial cells of the vessels and pulp cells. However, most odontoblasts were negative for Runx2 (Fig [3a](#F3){ref-type="fig"}). At 3 hours and 9 hours after wedge removal, odontoblasts number for Runx2 staining was increased. Runx2 expression especially increased in cytoplasms of pulp cells and vessel endothelial cells. At 24 hours after wedge removal, more increase of Runx2 expression in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells were observed (Figure [3b](#F3){ref-type="fig"}). At 3 days after wedge removal, though Runx2 expressed in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells, the expression became weaker as compared to 24 hours staining. At 1 week after wedge removal, though Runx2 expression was seen in some of cytoplasms of odontoblasts, pulp cells and vessel endothelial cells, the expression became further weaker.

![**Runx2 expression in odontoblasts of the experiment group (30 minutes teeth separation) (a: 0 minute, b: 24 hours)**. Runx2 expression in odontoblasts (d: 3 hours, f: 1 week) and pulp cells (c: 0 minute, e: 24 hours) of the experiment group (3 hours teeth separation) (magnification × 300).](2047-783X-16-11-507-3){#F3}

#### Group with 3 hours of teeth separation

At just after wedge removal, Runx2 expression was seen in some of odontoblast cytoplasm. Runx2 was especially expressed in cytoplasms of pulp cells and vessel endothelial cells (Figure [3c](#F3){ref-type="fig"}). At 3 hours after wedge removal, Runx2 expression became stronger in cytoplasm of odontoblasts and especially in cytoplasms of pulp cells and vessel endothelial cells (Figure [3d](#F3){ref-type="fig"}). At 9 hours after wedge removal, Runx2 expression became stronger in cytoplasm of odontoblasts and pulp cells and especially in cytoplasms of vessel endothelial cells (Figure [3d](#F3){ref-type="fig"}). At 24 hours after wedge removal, further increase of Runx2 expression in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells were observed (Figure [3e](#F3){ref-type="fig"}). At 3 days after wedge removal, though Runx2 expression was seen in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells, the expression became weaker as compared to 24 hours staining. At 1 week after wedge removal, though Runx2 expression was seen in some of cytoplasms of odontoblasts, pulp cells and vessel endothelial cells, the expression almost disappeared (Figure [3f](#F3){ref-type="fig"}).

### ALP

#### Control Group

Weak expression of ALP were observed in cytoplasms of some of odontoblasts, pulp cells and vessel endothelial cells of the distal buccal side of the upper left first molar (Figure [2c, d](#F2){ref-type="fig"}).

### Experiment Group

#### Group with 30 minutes of teeth separation

Just after removal of wedge, expression of ALP was observed in cytoplasm of some of the odontoblasts, endothelial cells of the vessels and some of pulp cells. At 3 hours after wedge removal, ALP expression was seen in cytoplasm of some of odontoblasts and pulp cells and especially became stronger in cytoplasms of vessel endothelial cells (Figure [4a](#F4){ref-type="fig"}). At 9 hours after wedge removal, ALP expression became stronger in cytoplasm of some of odontoblasts and vessel endothelial cells and especially in cytoplasms of pulp cells. At 24 hours after wedge removal, ALP strongly expressed in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells (Figure [4b](#F4){ref-type="fig"}). At 3 days after wedge removal, though ALP expression was observed in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells, the expression clearly became weaker as compared to 24 hours staining (Figure [4c](#F4){ref-type="fig"}). At 1 week after wedge removal, though ALP expression was weakly seen in some of cytoplasms of odontoblasts, pulp cells and vessel endothelial cells, the expression became further weaker.

![**ALP expression in odontoblasts of the experiment group (30 minutes teeth separation) (a: 3 hours, b: 24 hours c: 3 days)**. ALP expression in odontoblasts (d: 0 minute, e: 24 hours) and pulp cells (f: 1 week) of the experiment group (3 hours teeth separation) (magnification × 300).](2047-783X-16-11-507-4){#F4}

#### Group with 3 hours of teeth separation

At just after wedge removal, ALP expression was seen in some of odontoblast cytoplasm and vessel endothelial cells. ALP was especially expressed in cytoplasms of pulp cells (Figure [4d](#F4){ref-type="fig"}). At 3 h after wedge removal, ALP expression was observed in cytoplasm of some of odontoblasts, pulp cells and vessel endothelial cells. At 9 hours after wedge removal, ALP expression became stronger in cytoplasm of some of odontoblasts and especially in pulp cells and vessel endothelial cells. At 24 hours after wedge removal, ALP expression clearly became stronger in cytoplasms of odontoblasts, pulp cells and vessel endothelial cells (Figure [4e](#F4){ref-type="fig"}). At 3 days after wedge removal, though ALP expression was seen in cytoplasms of some of odontoblasts and pulp cells, the expression became weaker in cytoplasm of vessel endothelial cells. At 1 week after wedge removal, though Runx2 expression was seen in cytoplasms of some of odontoblasts, pulp cells and vessel endothelial cells, the expression was weak (Figure [4f](#F4){ref-type="fig"}).

Discussion
==========

Pulp is known to be activated with various traumatic stimulations even in healthy people. Thus regressive changes such as vacuolar degeneration and simple atrophy etc. occur in pulp cells. As a result of these changes, odontoblasts are also activated and formation of tertiary dentine is a well-known fact \[[@B14]\]. Histopathological researches investigating regressive as well as progressive changes of pulp cells are done from quite a long times \[[@B15]\]. And because mechanical stress is given to tooth during orthodontic movement, experimental histopathological studies have also been performed for a long time \[[@B16]-[@B18]\]. some of these studies included electron microscopy views \[[@B19]\].

Recently knowledge on factors for regulation of differentiation of cells has been collected including hard tissue cells such as osteoblast differentiation. Sigehara et al. has investigated expression state of osteopontin, osteocalcin as well as Heat shock Protein HsP \[[@B20]\]. Nakano et al. \[[@B10]\] investigated expression state of Runx2 in tooth root pulp, which is a representative differentiation factor not only for osteoblasts but also odontoblasts, by immunohistochemistry after orthodontic mechanical stress. They reported that because Runx2 expression increased in that tissue, activation of odontoblasts was also considered.

Currently occurrence of mechanical stress to circumferential tissue of tooth during tooth separation for preservative treatment is well known. Exposure of stress to periodontal tissues means movement of the tooth root. Thus movement of root shows exposure of stress to both apical foramen and lateral branches of vessels and nerves. In the current study, we prepared a similar experimental system using wedge for tooth separation and mechanical stress for pulp and examined Runx2 expression by immunohistochemistry.

Runx2 belongs to transcription regulatory factor Runx family, which has 3 members named as Runx1, Runx2 and Runx3 \[[@B16]\]. Runx2 has a role in cell differentiation and progression of cell cycle \[[@B17]\]. It has also played important roles for differentiation and growth of osteoblasts \[[@B18]\]. Similarly Runx2 is also thought to have role in differentiation and functional regulation of the hard tissue forming odontoblasts. However little is known about it \[[@B14]\]. And Runx2 is supposed to play important role not only in primary dentine formation but also in secondary as well as tertiary dentine formation. On the other hand, during differentiation of odontoblasts, ALP, an enzyme appeared at early stages of calcification, is a marker for activity level of pulp cells \[[@B19]\].

Before entering discussion of the current work, verification will be done for experiment system. The hypothesis was activation of odontoblasts with application of teeth separation and increased expression of hard tissue related factor Runx2 and experimental histopathological methods were used to test this hypothesis. That is, wedge was inserted at between moral teeth to separate them and pulp hard tissue related molecules then were examined with immunohistochemistry. However, examination of Runx2 as well as ALP by immunohistochemistry is a qualitative method but not a quantitative one. Thus the reason for selection of mouse as experiment animal is to increase the number as much as possible to minimize the differences in immunohistochemistry between each animal. Therefore animal number was three in each time of each group. Teeth separation time was taken as 30 minutes, which is longest time for clinical application of such procedures. To prepare a strong mechanical stress, we also prepared a 3 hours teeth separation group. This experimental period (3 hours) is the time for attachment of the pressured root side to alveolar socket bone during orthodontic treatment with rubber application reported by Watanabe et al. \[[@B14]\]. And various time periods after application of mechanical stress were taken including just after the experiment through extending to 1 week period. Thus a total of 36 mice were used in the current study (Table [1](#T1){ref-type="table"}).

The reason for selecting the distal buccal side of the upper left first molar for the experiment is due to results of the pre-experiment. Thus when same mechanical stress was applied, similar staining conditions were obtained both in the root and crown pulp. And when compared to other roots, utmost influence was seen on this root after loading. Examination of expression of hard tissue related factors such as Runx2 and ALP in the pulp is important after stimulation of various factors.

There are not so many researches regarding with differentiation of pulp cells after receiving traumatic stimulation. To the best of our knowledge, there is only one study reported by Wen et al. \[[@B1]\] regarding with ALP and Runx2 expression in pulp tissue. The authors did injury in rat pulp and examined Runx2 expression in pulp and tertiary dentine by immunohistochemistry. According to their report, at 1 day after the injury, Runx2 expression increased and then a decrease was found at 5 days and 1 week. Lee et al. reported increase of HSP-25 and ALP in cultured pulp cells after thermal stress \[[@B2]\].

And discussion will done regarding with results of the current experiment. First Runx2 immunohistochemistry showed weak expression in the control group pulp. This result is similar with reports of Nakano et al. \[[@B10],[@B21]\] and is compatible with normal response of the tooth for physiological mechanical stress such as mastication and tongue pressure. Next is the finding of the group with 30 minutes of teeth separation. As mentioned in the results, Runx2 was determined in odontoblasts, vessel endothelial cells and pulp cells. The expression became maximum at 24 hours and gradually decreased and was almost similar with the control group at 1 week after the application of mechanical stress. This result shows stimulation effect of teeth separation stress on the pulp. It is considered from the point of odontoblast activation that Runx2 expression is increased for leading tertiary dentine formation \[[@B14]\]. Decrease of Runx2 expression within 1 week to the levels of the control group suggests that the stimulation is not so strong for maintenance of a long period. When compared with 3 hours of teeth separation, similar results were obtained. And ALP immunohistochemistry also showed weak expression in the control group pulp. This result is compatible with normal response of the tooth for physiological mechanical stress as for Runx2 reaction. Next is the finding of the group with 30 minutes of teeth separation. As mentioned in the results, ALP also was determined in odontoblasts, vessel endothelial cells and proper pulp cells. The expression became maximum at 24 hours and gradually decreased and was almost similar with the control group at 1 week after the application of mechanical stress as for Runx2, suggesting that the stimulation is not so strong for maintenance of a long period. From expression results of Runx2 and ALP, it can be considered that though a temporary shift to tertiary dentine formation occurs at early periods of teeth separation, the expression state in the pulp becomes similar with the control group within one week after mechanical stress. In conclusion, when Runx2 and ALP expression are thought as a marker, it can be said that severe damage does not occur in the pulp during orthodontic clinical wedge application.
